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Abstract—The fleet management of mobile working machines
with the help of connectivity can increase safety and productivity.
Although in our previous study, we proposed a solution to use
IEEE 802.11p to achieve the fleet management of construction
machines, the shortcoming of WIFI may limit the usage of
this technology in some cases. Alternatively, the fifth-generation
mobile networks (5G) have shown great potential to solve the
problems. Thus, as the world’s first academic paper investigating
5G and construction machines’ cooperation, we demonstrated
the scenarios where 5G can have a significant effect on the
construction machines industry. Also, based on the simulation
we made in ns − 3, we compared the performance of 4G and
5G for the most relevant construction machines scenarios. Last
but not least, we showed the feasibility of remote-control and
self-working construction machines with the help of 5G.
Index Terms—5G, LTE, mmWave,, Remote control, self-
working construction machinery
I. INTRODUCTION
The fleet management of mobile machines is the principal
research direction of the internet of things in the construction
machines industry. Besides using the ad-hoc network as the
first version for mobile machines [1], 5G attracts huge atten-
tion to be expected to achieve even higher-quality communica-
tion. As mentioned in our previous study, WIFI technology can
accomplish realtime communication among mobile machines
so that they will work denser and faster. As a consequence,
we can increase productivity and therefore reduce the duration
of the construction projects. This is meaningful for the cases
of repairing projects on the highway, mining projects, and
transportation in harbors. Since mobile machines are usually
working surrounded by dust and Lidars are quite sensitive to
this case, cameras are a more robust and promising approach
towards self-working machines or remote control of mobile
construction machines. As we know, as the videos’ resolution
increases, both image recognition algorithms, and humans can
acquire information easier and more accurate. However, the
capacity, especially the uplink capacity of WIFI technology,
limits the introduction of wireless high-definition (HD) video
transmission for construction machines. As we did not find
comprehensive research indicating how can 5G change the
mobile construction machines industry, we first analyze the
potential use cases for the implementation of 5G for the
construction machines industry in this paper. Followed by
illustrating the benefits by utilizing 5G with our simulation
results by means of ns−3 [2]. Last but not least, we show the
blueprint of future smart working sites based on the simulation
results. Fig. 1 and Fig. 2 demonstrate the potential use cases
of 5G in the field of mobile construction machines.
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Fig. 1. Remote control with live streaming: here cameras will be installed on
the mobile machines while the driver sits in a comfortable room to operate
the machines remotely. Thanks to 5G, HD video streaming can be sent with
low delay and high reliability.
II. CURRENT 5G TECHNOLOGIES
2020 is considered the first year of the 5G era in the wireless
community since 5G is commercially employed in this year.
To date, 5G is still a fast-developing research subject; thus,
opposite views exist simultaneously. To avoid exaggerate the
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Fig. 2. Self-working mobile machines: here, cameras will be fixed on the ground instead of being installed on the machines to avoid the obstruction of vision.
The stream will be uploaded to the center commander and be processed on the cloud. Based on the stream from more than two cameras, the depth information
and motion of machines can be acquired. Afterward, the command signal will be sent directly to the machines. The research about instance segmentation of
construction machines can be found in [3].
5G technology, we only take the parameters and data that more
than at least half of the community agree with into account.
To overcome the shortcoming of 4G [4], the basic require-
ments for the 5G are drawn by [5]–[9]: higher transmission
rate, shorter latency, higher reliability, and more User Equip-
ment (UE) connection. Correspondingly, the big 3 concepts:
enhanced Mobile Broadband (eMBB), Ultra Reliable Low
Latency Communications (URLLC), massive Machine Type
Communications (mMTC) [10], were proposed. According
to the 3rd Generation Partnership Project (3GPP) 38.101
agreement [11], 5G NR mainly uses two frequency bands: FR1
frequency band and FR2 frequency band. The frequency range
of the FR1 band is 450MHz-6GHz, which is also called the
sub 6GHz sub frequency band; the frequency range of the FR2
band is 24.25GHz-52.6GHz, usually called millimeter wave
(mmWave) band. Currently, the most influential providers in
the field of 5G are Huawei for sub 6Ghz band and Qualcomm
for the mmWave band, separately. Other competitors men-
tioned quite often are Samsung, Ericsson, Datang, Nokia, Tele-
com, Intel, and ZTE. As we know, the higher the frequency, the
closer the characteristic is to the light. That is, the propagation
of the signal will be more similar to the light, which only
goes straightforward so that the obstacles can easily block it.
Also, the energy loss increases dramatically as the propagation
distance increases, and proportionally to the square of the fre-
quency. Consequently, the coverage problem, which restricts
the promotion of the high-frequency spectrum 5G, occurs due
to the nature of the mmWave. For this reason, most countries,
such as China, Japan, and Korea, give priority to the sub 6Ghz
band since the coverage is much larger, and thus more people
can benefit from 5G technology. Compared to 4G, which only
has 20MHz channel bandwidth, 5G is allocated about 100MHz
in the sub 6Ghz area. Moreover, thanks to the novel Multiple-
Input Multiple-Output (MIMO) technology, more antennas are
used simultaneously to achieve a much higher transmission
rate than the previous 4G technology. Compared to the 4G
handsets, which only have 2*2 or 4*4 antennas, 5G base
stations and UEs have antenna array to increase the spectrum
utilization [12], [13]. However, since such 5G UEs also use the
sub 6Ghz band, there is principally not greatly different than
4G, and thus some serious problems are inevitable. First of all,
because the sub 6Ghz area is also used by 2G, 3G, 4G, and
thus already very crowed, a further increase of the bandwidth
is almost impossible. Although some communication operators
give 5G more channel bandwidth, which was belongs to 2G
and 3G to increase the bandwidth of 5G further, the bandwidth
is surely not enough for the future potential requirements.
In addition, the configuration of the antenna depends on the
signal frequency. At sub 6Ghz, the wavelength is more than
1cm, so that the number of the antenna in the UE, in this
case, is also limited. Therefore, soon after sub 6Ghz was
promoted, how to use the higher FR2 frequency regions, i.e.,
higher than 28Ghz, has become a hot topic. Compared to
the sub 6Ghz region, it is quite easy to have 1Ghz channel
bandwidth in the FR2 region so that the transmission ratio
is expected to be much higher. In the mmWave frequency
band, taking the 28GHz frequency band as an example, the
available spectrum bandwidth has reached 1GHz, while the
available signal bandwidth of each channel in the 60GHz
frequency band is 2GHz [11]. In the case of constant spectrum
utilization, if the mmWave frequency band is selected, the
data transmission rate can be doubled by directly doubling
the bandwidth. Since 3GPP has decided to continue to use
orthogonal frequency division multiplexing (OFDM) technol-
ogy for 5G NR [11], mmWave technology has become the
biggest novel idea of 5G. Although mmWave is already used
by satellite, they were considered as infeasible for the daily
life scenarios. Until recently, the novel technology unlocks
the high-frequency spectrum. Concretely, thanks to antennas
array, which constitutes a large number of antennas and the
beamforming technology [14], the energy can be concentrated
in small regions. Moreover, because the antennas for mmWave
can be designed much smaller than the microwave antennas,
the antennas in the mmWave antenna array are much denser
and achieve a larger number for the same geometrical appara-
tus. Along with a certain number of small cell base stations,
mmWave comes to the forefront of commercial applications.
The introduction of other important 5G technologies, such
as new numerology, LDPC/Polar codes, etc., can let OFDM
technology better extend to the mmWave band. To adapt to
the large bandwidth characteristics of mmWave, 5G defines
multiple sub-carrier intervals, of which the larger sub-carrier
intervals are specifically designed for mmWave, whereas the
lower is for the compatibility of previous system deriving from
the 4G era. One of the main goals of 5G is to support URLLC
services with stringent requirements for reliability and delay.
LTE achieves a user plane two-way wireless delay of less than
10ms, and the design goal of 5G is to reduce this delay by at
least 5 times, that is, less than 2ms. According to the 3GPP
TS 38.211 protocol [11], the 5G NR physical layer provides
multiple sub-carrier spacing configurations [15]. By increasing
the sub-carrier spacing, the duration of OFDM symbols is
reduced, thereby reducing the duration of a single time slot
and reducing delay. The 3GPP protocol claims that the sub-
carrier spacing is inversely proportional to the OFDM symbol
duration, which is an inherent attribute of OFDM. For the
current network communication technology, the key capability
indicators of the 5G system have been greatly improved. The
information transmission delay of the 5G network can reach
milliseconds, which meets the stringent requirements of the
network and guarantees the safety of controlled UE. The
peak rate of 5G can reach 10-20 Gbit/s, and the number
of connections can reach 1 million/km2 [16]. Apparently,
although the technology can overcome the difficulties of
implementing the mmWave, the base stations for mmWave are
energy-consuming equipment. Thus, Heterogeneous Network
(HetNet) is also essential in the 5G era, i.e., most scientists
in the wireless community believe that both sub- and above
6Ghz networks will coexist in a long time. The same as LTE,
5G also has device to device network to solve the problem
when UEs are outside of the coverage of base stations [17].
III. WHERE CAN CONSTRUCTION SITES BE BENEFITED
FROM 5G?
According to GSMA’s outlook, mmWave can roughly make
economic benefits 212 billion dollars only in the Asia Pacific
region in 2034. Among them, 3% to 9% of the amount will
come from the agriculture and mining industry.
Although 5G shows excellent progress compared to 4G and
WIFI, for end customers to accepted a new technology, a
sudden colossal improvement is always necessary. Currently,
most people believe that IoT technologies will endow the
mobile construction machines industry with the ability, such as
predictive maintenance, data analytics, and visualization and
notification. However, we find that they are actually nice-to-
have technologies. Since 5G may need a lot of micro base
stations, and they are also energy-consuming [18], the value
created by predictive maintenance is quite difficult to compen-
sate for the additional cost of 5G. In many cases, preparing
some backup vehicles can be a more effective and money-
saving solution. Moreover, the shortcoming of mmWave will
be amplified by the harsh environment on the working site,
such as the blockage of dust and giant machines. Thus, we
believe more realistic scenarios are remote control and self-
working mobile machines since 5G achieves something we
cannot do well before. In some dangerous traditional indus-
tries, such as remote maintenance of underground pipelines,
remote rescue of landslides, underground mine excavation,
etc., these industries’ operating environment is hazardous
and harmful to the human body. Although remote control is
achieved with a wired network for nowadays projects, the
flexibility is limited by the cable connected to the vehicle
so that remote control is only used in some particular cases.
Thanks to 5G, the remote control can be performed without
the limitation of cables so that 5G accelerates the usage of
remote control. In this case, the cameras are usually installed
on the machines to collect the surrounding environment in-
formation [19]–[21]. Since they typically need more than
three cameras to get the information, and the transmission
rate of WIFI is limited, they cannot install more cameras to
create the depth information resulting in lower productivity
even with the very best operators [22]. Considering Virtual
reality technology will be adopted with 5G, the difficulty of
the remote control will be dramatically reduced. Better than
the earlier network technologies, 5G guarantees the efficiency
and accuracy of the remote control. Another major expected
application is self-working machines. Cooperating with deep
learning-based image processing models [23], the image can
be further processed on the local cloud. The command can
then be directly sent to the machines. To avoid the additional
cost, many scientists point out we can use a smartphone as
an intermediary to transmit information instead of installing
additional equipment [24].
In the above scenario, there are three key technologies for
remotely controlling or self-working construction machinery.
The first one is the high-speed data transmission rate. In order
to enable the AI or human to fully understand the situation
in realtime, construction machinery will under the sight of
HD cameras or wears the cameras for an operator to get the
video streaming data collection. The transmission of HD video
requires a large bandwidth to ensure the fluency and realtime
transmission of video content. The second is the low delay
in receiving information. The realtime issuance of interactive
behavior between operators and controlled construction ma-
chinery requires the network to have low latency to ensure that
the controller’s command can be executed in realtime through
actuators. The third is the rapid and convenient communication
network deployment between the construction machinery and
the operators. If a wired network is used between the con-
struction machinery and the controller, although the network
delay and bandwidth can be guaranteed to a certain extent,
the cable makes the activity of the construction machinery
limited. Moreover, the rapid deployment of networks be-
tween construction machinery and controllers cannot be easily
achieved. If a 4G-LTE wireless cellular network is used, due
to the limitation of the transmission rate and delay of the
4G-LTE network, the bandwidth and delay of the existing
wireless network may not stably meet some high-rate and low-
delay scenarios. These technical bottlenecks make the remote
control collaboration project encounter many difficulties in the
industry’s practical application. No wonder so far, it has not
been able to achieve widespread development and deployment.
The large bandwidth and low delay technologies of the 5G
network can solve these technical bottlenecks. 5G is bringing
new opportunities for the industrial development of remote-
controlled construction machinery.
IV. PROBLEM STATEMENT AND GOAL
In the previous study from Bermudez [25], they tested the
performance of the LTE network by the transmission of video
data. Their article evaluated two protocols’ behaviors, realtime
messaging protocol (RTMP) and realtime streaming protocol
(RTSP), in a 4G environment. Based on their results, we can
say that the performance of LTE to transfer the HD video from
the working side to the operator side in realtime is good but
not fully satisfying.
Also, the through of LTE is in a steady-state growth situa-
tion. That means, the simulation parameters of Bermudez [25]
missed the extreme working critical condition. We still don’t
know whether the LTE network can always have an excellent
performance in a more stringent remote-control situation or
not. Therefore, the comparison between LTE and 5G for video
transmission in construction scenarios is necessary. For remote
control, the delay is always a significant indicator because it
equals to the accuracy and reliability of the job and the safety
of the controlled machine [19]. Inspired from this and to fill
this research gap, we decide to choose the performance from
one of the new 5G technologies, mmWave, to compare with
the LTE network’s performance for construction machinery
in remote-control and self-working scenarios. Meanwhile, we
will give the simulation a more stringent critical environment.
Under the goal of finding out whether 5G network is more
suitable for remote control or self-working construction ma-
chinery than LTE or not and if so, how good it is, our research
is not in existence already.
V. MODELLING
In the scenarios shown in Fig. 1 or Fig. 2, that our UEs,
i.e., construction machines, are under the sight of HD cameras
or with the HD cameras. Here we assume our construction
machines and cameras are both connected with the base station
and the operator. The operator will give the construction
machines commands. Meanwhile, they will collect the video
streaming data from cameras. In case that the cameras are stick
to the machine, the operator will give the order and receive
the video data simultaneously. Compare with the instruction
from the operator, video streaming data will occupy a much
larger bandwidth. Therefore, in our research, we will use video
streaming as the media, which can verify the performance
of both networks. Obviously, video streaming with different
resolution occupies different network bandwidth. Depending
on the different resolution requirements of video streaming,
different pressure will be applied to the network.
For our research, we will use ns − 3 [2], [26] as our
simulation tool. To perform LTE simulation, we directly call
the LTE module inside ns − 3 because there is already a
complete set of simulation modules and processes in ns − 3
for 4G [27]. On the other hand, for the 5G network, since it
is still quite novel, ns − 3 has not yet developed an official
simulation platform with all 5G modules. Fortunately, because
ns−3 is an open-source platform, many professional network
simulation players can contribute to this platform based on
their requirements, such as rewriting the algorithm, adding
patch packages, or doing other upgrades. Among them, we
selected the model from Mezzavilla [28] to simulate the 5G
mmWave performance. The following paragraphs will present
some basic architecture details and model settings for both
network models. Basic parameters are shown in table I and
table II.
TABLE I
LTE NETWORK PARAMETERS, FROM 3GPP TS-36101 [29]
Parameters Value
Bandwidth 25MHz
Downlink Earfcn 100
Uplink Earfcn 18100
Scheduler PfFfMacScheduler
TABLE II
5G NETWORK PARAMETERS, FROM 3GPP TS-38101 [11]
Parameters Value
Band n257
Downlink NR-ARFCN 2054167 2104165
Uplink NR-ARFCN 2054167 2104165
Scheduler MmWaveMacScheduler
A. Model Parameters
1) Propagation Model: For LTE, we use FriisPropagation-
LossModel [30]. Given an unobstructed visual path between
the transmitter and receiver, the free-space propagation model
can predict the strength of the received signal. According to
Friis [31], the received signal strength can be described as,
Pr(d) =
PtGtGrλ
2
(4pi)2d2L
(1)
where Pr(d) is defined as received signal power, Pt is transmit
power, Gt is transmit antenna gain, Gr is receive antenna gain,
λ is wavelength(m), d is the distance, and L is the system loss.
As for 5G, we use MmWavePropagationLossModel [32],
[33]. This mmWave model presents two kinds of path loss
models. The first one is the one that we used, which is in a
statistical characteristic of the Line of Sight (LOS) state. The
other one is BuildingsObstaclePropagationLossModel [34],
adding the obstacle between the gNB and the UE. Further
path-loss models of mmWave can be found in [32].
2) Transmission Control Protocol/Internet Protocol
(TCP/IP): The network transmission adopts the TCP/IP
protocol. The core protocols of the TCP/IP protocol are the
transport layer protocol (TCP and UDP) and the network
layer protocol (IP), which are usually implemented in the
kernel of the operating system. Because the purpose of TCP is
to achieve reliable data transmission, it has a set of handshake
mechanism, send - confirmation, timeout - resend [35]. In
the case of video streaming, the network spending of TCP
transmission is too large, thus impairing image quality and
latency. Therefore, the UDP transmission method is preferred
for realtime live streaming [36], [37].
3) Hybrid Automatic Repeat Request (HARQ): For LTE
and 5G, they both have two levels of retransmission mech-
anisms: HARQ at the MAC layer and ARQ at the Radio Link
Control (RLC) layer [38], [39]. For 4G, the retransmission
of lost or erroneous data is mainly handled by the HARQ
mechanism of the MAC layer and supplemented by the ARQ
of the RLC. The HARQ mechanism of the MAC layer can
provide fast retransmission, and the ARQ mechanism of the
RLC layer can provide reliable data transmission. In contrast,
for 5G, the uplink HARQ mechanism is the same as the
downlink, and both are asynchronous HARQ. There will be
two kinds of changes [40]. First, the scheduling timing is more
flexible, especially in TDD mode, resulting in more resource
allocation flexibility. Second, the pressure of data buffering
will increase. Unlike LTE’s uplink synchronous HARQ, asyn-
chronous HARQ may have a longer retransmission interval.
During this time, the UE must buffer the unACKed data, which
will increase the buffering pressure.
4) Scenarios: We setup three scenarios for both network
environments. In the first scenario, we choose 2Mbps as
the video streaming volume. 2Mpbs is nearly the level of
720P video streaming bandwidth requirement [41]. Then we
are changing the UE number from 2 to 20. In the second
scenario, we set the UE number as a constant condition. By
changing the data volume to realize new scenario, from 1Mbps
to 8Mbps, which includes the bandwidth requirement of
720P(3Mbps), 1080P(5Mbps), and 3D 1080P(6Mbps) videos
[42], we explore the network performance with a varying
resolution of the video. At last, we let UEs move to acquire
the knowledge of how mobility condition affects the networks.
For scenarios 1 and 2, our mobile machines will be under
the sight of those high-definition cameras. Those cameras will
collect the working video data and transfer it to the operator.
The UEs in scenario three will be cameras installed on mobile
machines. Here they will change their position together with
the construction machinery as collecting the video streaming.
TABLE III
NETWORK SCENARIO 1
Data Volume(Mbps) 2
UE Number 2, 4, 6, 8, 10, 12, 14, 16, 18, 20
TABLE IV
NETWORK SCENARIO 2
UE Number 8
Data Volume (Mbps) 1, 2, 3, 4, 5, 6, 7, 8
TABLE V
NETWORK SCENARIO 3
Data Volume(Mbps) 2
UE Number 8
UE Distance(m) 20, 40, 60, 80, 100, 120, 140, 160, 180, 200
VI. SIMULATION RESULTS
This section presents the results of our simulated network
scenarios in terms of throughput, packet loss rate, and delay.
As for both network environments, we performed the simula-
tion repeatedly and got the average value to improve accuracy.
Fig. 3. Network topology.
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Fig. 4. Simulation results of scenario 1 and scenario 2
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Fig. 5. Simulation results of scenario 3
The network topology is shown in Fig. 3. From nodes 3
to node 12 represent a set of remote devices, i.e., cameras,
and the transmission data represents the video data sent by
the camera avatar, which is finally sent to the user terminal
(node 1) through eNodeB or NR (node 2) and Evolved packet
core (EPC) (node 0).
With the increase in the number of UE, the throughput
simulation results are shown in Fig. 4(a). In the beginning,
the throughput of LTE and 5G networks has increased rapidly,
and the throughput matches the total data volume, which
means both of them can complete the transmission of the
video streaming task. As the number of UEs further increases,
the 5G network can still transmit video service data better;
however, the LTE network cannot provide enough transmission
capacity for video service data, reaching a state of business
saturation. It can be observed that the throughput remains
basically unchanged as the UE number grows, about 17Mbps.
In Fig. 4(b) simulation results of the packet loss rate as the UE
number increase are shown. When the UE number is small,
both LTE and 5G networks can keep the packet loss rate
approximately equal to 0, i.e., almost no packet loss occurs. If
the UE number increases, the 5G network can still maintain
the network with an almost low packet loss rate. Still, the
LTE network will have more packet loss due to its network
resource constraints. It must discard the video service’s data
packets, causing the transmitted video to lose frames, freeze
or completely lose the result of the video image, which will
seriously affect the operator’s performance of the construction
machinery. Besides that, high latency will make a video to be
out of sync. In these cases, the operator cannot grasp the on-
site working environment in realtime, resulting in the operator
to make wrong judgments about the working environment,
which is very dangerous for the work task and the construction
machinery. The average delay of the 5G network is lower
than that of the LTE network, as shown in Fig. 4(c). This is
because the 5G network can provide larger network bandwidth,
increase network transmission speed, and reduce data packet
delay. If the UE number is small, the average delay of the LTE
network is about twice that of the 5G network; however, when
the number of users is large, the average delay of the LTE
network is much higher than that of the 5G network. At this
time, the LTE network cannot guarantee the video streaming
service.
In the second simulation scenario, the number of UE num-
ber is fixed to 8, and the video service data is increased from
1Mbps to 8Mbps. The simulation result of throughput with
increasing video service rate is shown in Fig. 4(d). When the
video service rates are 1Mbps and 2Mbps, the throughput of
the LTE network and the 5G network can meet video streaming
services’ requirements. However, when the video service rate
exceeds 3Mbps, the throughput of the LTE network does not
continue to increase, and the throughput of the 5G network still
increases with the video service rate, which can guarantee the
transmission of the video service. The simulation results of the
packet loss rate are demonstrated in Fig. 4(e), where we can
see that the 5G network has been able to maintain the packet
loss rate at a low level. However, severe packet loss will occur
for LTE networks when a higher video service rate is required.
In case that the video service rate is 5Mbps, the packet loss rate
of LTE exceeds 50%. The average delay of video services is
presented in Fig. 4(f). 5G network continues to increase with
the increase of data volume, and they are all maintained at
a low level, even when the video service rate is 5Mbps, the
average delay still does not exceed 25ms. The video service
average delay of the LTE network is significantly higher than
that of the 5G network. In short, as the video service rate goes
higher, the improvement with 5G will be more significant.
In the third scenario, we want to simulate the case that
construction machines carry the cameras with them when
they change their positions. Here the video service data rate
is 2Mbps, and the number of remote devices is still 8. We
simulate the longest distance up to 200m since the longest
propagation distance of mmWave is considered as 200m [43].
The simulation results of throughput with increasing speed
are shown in Fig. 5(a). Due to lower frequency bands, LTE
network performances are affected only slightly with mobility.
Also, when the UE velocity is lower than 40km/h, the through-
put of the 5G network is still in a relatively stable decline
stage. However, when the UE velocity exceeds 40km/h, the
throughput of the 5G network drops dramatically, and thus
the transmission of video services cannot be guaranteed at this
time. Fig. 5(b) presents, as the velocity increases, the packet
loss rate is rising slowly for LTE networks. However, the 5G
network will suffer a fast increasing packet loss rate when the
UE moves faster than 30km/h. In Fig. 5(c), both the delay of
the LTE network and 5G network increase steadily with the
growth of velocity. However, we can notice that the delay of
the 5G network still much advantageous compare with LTE.
To sum up, 5G mmWave has significant advantages in terms
of throughput, packet loss, and latency if the UEs are fixed.
Although one of the requirements for 5G is the capacity to
deal with high mobility, the mmWave 5G may still have a
problem if the beamforming technology, concretely, tracking
algorithm, is not perfect. In contrast, since 4G uses a lower
frequency band, this problem is not so apparent for 4G, which
hints the suitability of using sub 6Ghz band 5G.
VII. CONCLUSION
In this paper, we first indicate that 5G can be employed
in the construction machines industry to improve the remote
control operation and work as an essential component to
achieve self-working construction machines. By taking the
remote-control and self-working of construction machinery
as the scenes and using video streaming transmission as the
medium, we compared the LTE network’s performance and
the 5G mmWave network. Based on our research, we found
that 5G has the capability to accomplish a better quality of live
streaming so that both scenes can be significantly improved.
Especially, 5G can let more cameras in the same network,
indicating the possibility to acquire depth information from the
video. Besides, since it is not difficult to let the machines al-
ways under the cameras’ vision, we suggest letting the cameras
unmoved avoid the shortcoming of mmWave. Otherwise, more
robust beamforming, i.e., dynamic beamforming, algorithm is
needed.
Since we use video as the medium to test the performance
of the two networks, future work shall refine video factors
and explore how the structure of the different encoding video
style will affect the networks. Besides, starting from the
video phase, through the networks, and finally to the control
operator, a simulation analysis of the entire link can be carried
out to improve the content of this article. Moreover, as the
6G technology is on the way [44]–[46], we will explore the
possibility to benefit the construction machine industry from
6G technology in our next paper.
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